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Abstract—In this paper we described the development and the 
characterization of a 578 nm laser source to be the clock laser 
for an Ytterbium Lattice Optical clock. Two indipendent laser 
sources have been realized and the characterization of the 
stability with a beat note technique is presented. 
I. INTRODUCTION  
A yellow laser (λ = 578 nm) to be used for the interrogation 
of the 
1
S0 ← 
3
P0 clock transition in cold ytterbium atoms  [1] 
was realized and characterized. In Figure 1 we report for 
convenience the relevant transitions for Ytterbium: the two 
cooling transitions at 399 nm and 556 nm and the clock 
transition at 578 nm. The yellow light is generated by 
frequency sum in a waveguide non-linear crystal  of a 1319 
nm Nd:YAG laser and a 1030 nm Yb doped fiber laser [2,3]. 
Two  independent, ultrastable lasers are obtained from the 
same light source in a setup with two Fabry-Pérot cavities.  
 
 
 
 
 
 
 
 
 
 
Figure 1.  Ytterbium laser cooling and laser clock transitions 
II. SUM FREQUENCY GENERATION 
The yellow laser is obtained by sum frequency generation of 
two infrared laser sources (1030 nm and 1319 nm).  
The non-linear crystal is a waveguide, magnesium-doped, 
periodically poled lithium niobate (PPLN) device and works 
in single pass. Infrared light of both lasers is delivered to the 
crystal through a polarization-maintaining fiber coupler (y- 
 
 
 
 
 
 
 
 
Figure 2.  Scheme of the 578 nm laser source Sum Frequency Generation  
shaped). The output of the coupler is a bare fiber, aligned 
very close to the input face of the crystal to couple the light 
into one of the waveguide channels (the distance is of the 
order of 1 μm). The crystal is put on a translator to easily 
align the fiber with the working waveguide channel. In Figure 
2 the optical bench scheme for the Sum Frequency 
Generation is shown.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Yellow laser output power vs nonlinear crystal temperature. 
 
The output power is maximized tuning the temperature  of the 
crystal. The power shows a diffraction-like behavior around 
the phase-matching temperature  found at ~76 ◦C, as shown 
in figure 3. We have generated up to 12 mW of light at 578 
nm. Unfortunately the crystal seems to  suffer some 
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 degradation and the maximum power is  decreasing slowly. 
The time instability of the laser intensity is reported in Figure 
4. For time intervals up to 100 s, the laser intensity instability 
is less that 110-3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Yellow laser output power temporal stability. 
 
 
 
 
 
 
 
 
Figure 5.  Finite Element Analysis shows a cavity length sensitivity to 
vibrations of less than 2 pm/g , being g the gravity acceleration. 
 
III. TWO ULTRASTABLE CAVITIES 
A couple of ultrastable Fabry-Pérot cavities are used as 
references to independently stabilize the frequency of the  
clock lasers. The two cavities are completely made of 
Corning Ultra Low Expansion Glass (ULE) with a free  
spectral range of ∆νFSR = 1.5 GHz and a finesse of F1 = 151 
000 ± 1000 and F2 = 224 000 ± 4000 respectively,  measured 
with a cavity ring-down experiment.  
The ULE spacers are notched, held horizontally and 
supported by four Viton pads on an aluminum   structure. We 
have performed a finite element analysis  to investigate the 
elastic deformation of the Fabry-Pérot cavity. The final 
position of the four pads was chosen to minimize the 
variation of the distance between the two  mirrors due to the 
gravitational acceleration (the cavity  is said to be supported 
at the Airy points).          
Each cavity is held in a vacuum chamber (pressure <2×10
−4
 
Pa), placed on top of a passive vibration isolation platform 
inside an acoustic shielding enclosure. 
Finite element analysis shows that the vibration sensitivity of 
the cavity is less than 2 pm/g , being g the gravity 
acceleration, that for our  cavities (L=10 cm), in terms of 
relative units means less than 210-11s2/m.  
The sensitivity is shown in Figure 5, where we report the 
cavity length variation when a load of g is applied with 
respect to distance from the optical axis. Different curves are 
for different pad positions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.  Seismic noise  on the acoustic  enclosure floor (upper green 
curve) and on the seismic dumping board (lower red curve).        
       The noise on the isolation platform was measured with  a 
seismometer.  In Figure 6 we report the seismic noise on the 
acoustic enclosure floor and on the vibration dumping board. 
The residual seismic noise is compatible with an instability in 
the laser frequency of 1×10
−15
 @ 1 s   when the cavity is held 
at the Airy points. Thermal isolation is achieved with a 
copper shield surrounding the cavity. A digital control 
stabilizes the temperature of the shield, acting on two heaters  
external to the vacuum chamber. The ULE has a zero in the 
coefficient of thermal expansion around room temperature. 
To quickly estimate its value, we give a linear ramp to the  
temperature of the shield of one of the two cavities, while 
monitoring the beat note with the other.  Aside from an 
 
 
 
 exponential transient and a time lag, the   temperature of the 
cavity itself should vary linearly. The results are presented in 
Figure 7. This method allows us to estimate the zero at ~21 
◦C  but has some trouble measuring the delay of the cavity  
temperature (this should translate in a shift of ~0.5 ◦C). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  Frequency of the beat note changing one cavity temperature to 
measure the zero CTE point of the ULE cavity. 
 
 
 
 
 
 
 
Figure 8.  Scheme of the optical bench to lock the lasers on the two 
ultrastable cavities. 
 
IV. STABILIZATION WITH POUND DREVER HALL TECHNIQUE 
                                                                                                                           
The Pound-Drever-Hall technique is used to stabilize the 
frequency of the yellow laser against the resonances of                                                 
the cavities. The 578 nm laser at the output of the crystal is 
split and delivered to the cavities through polarization-
maintaining fibers (about 60 μW of laser are impinging on 
each cavity). Two different beams from the same laser are 
independently frequency stabilized. In both case an electro-
optic modulator (EOM) is used to add sidebands to the carrier 
of the yellow laser (clearly visible in the  transmission). Thus, 
an optical isolator allows to extract the reflected beam and to 
obtain the Pound-Drever-Hall error signal. 
Two double pass acousto-optic modulators (AOMs) are  used 
for the fast locking of the laser frequency on each  cavity. A 
proportional-integral-derivative (PID) control  is used, while 
a voltage-controlled oscillator (VCO)  drives each AOM. The 
bandwidth of the control is  ~ 150 kHz, limited by the delay 
in the AOMs. 
In Figure 8 the optical bench scheme is reported, while Figure 
9 shows the transmission signal of the cavity as well as the 
Pound-Drever-Hall signal. 
The Pound-Drever-Hall signal from the first cavity is also 
used for a slow lock on the piezoelectric actuator of one of 
the two infrared lasers, in order to correct for the drift. A third  
AOM is used to bridge the frequency of the two cavities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.  Trasmission and Pound-Drever-Hall signals from the cavities. 
 
V. COMPARISON BETWEEN TWO CAVITIES 
                                                                                                                    
The laser beams, stabilized against the two different cavities, 
are exctracted before the optical fibers delivering them to the 
anti-acoustic chambers and are superimposed on a fast 
photodiode. The resulting beat note is then filtered, amplified, 
down-converted and counted using an hydrogen maser as a 
 
 
 
 reference. The noise of the two lasers is independent within 
the bandwidth of the two controls. The noise of the two lasers 
is independent within the bandwidth of the two controls.  
Figure 10 shows the beat note at the spectrum analyzer 
allowing the measurement of the bandwidth, that is about 150 
kHz. Figure 11 presents just the close up  scan of the beat 
note, that allows to estimate a lorentzian  linewidth of (3.8 ± 
0.1) Hz. 
 carrier, that has a linewidth of 3.8 Hz (linewidth of the real 
beat note of the two cavities). 
The beat note is then down converted to about 10 MHz and 
its instability is measured with a phasometer: results are 
presented in Figure 12. Here, we show the instability of the 
beat note when the dumping board is not operated (upper 
green line), showing a large degradation in the short term  
behavior as expected (1/ instability). Then, the red line 
presents the instability of the lasers when the dumping board 
is under operation: the short term is much lower than in the 
previous case, and a linear drift is observed as large as 0.8 
Hz/s. The linear drift removal confirms that the frequency 
noise between 0.5 s and 20 s is mainly flicker. 
The frequency flicker floor is at 4 ×10
−15
, probably limited by 
AM to FM noise conversion.  
We expect the limit from the thermal noise, dominated by the 
thermal fluctuation in the ULE mirrors substrate in the 
cavities to  be between 1.5×10
−15
 and 3×10
−15
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.  Beat note between the two independent locked lasers, 
showing the control bandwidth (150 kHz). 
VI. CONCLUSIONS 
We have realized a laser source at 578 nm for an ytterbium 
lattice clock capable of 12 mW and a frequency instability <4 
×10
−15
 corresponding to a lorentzian linewidth <4 Hz. This 
result is close to the expected thermal limit of the ULE mirror 
substrate, and we think that the excess of noise is due to AM 
to PM conversion. Further measurements and the 
implementation of a power stabilization servo will be useful 
to  reach the thermal noise limit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.  Beat note between the two independent locked lasers, 
showing a linewidth of 3,8 Hz. 
 
 
 
 
 
 
 
 
 
 
 
Figure 12.  Lasers beat note instability: without seismic dumping (upper 
green), with seismic dumping (medium red), with seismic dumping and 0,5 
Hz/s drift removal (lower blue). 
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